A Gram-stain-negative, rod-shaped, non-motile, strictly aerobic, chemoheterotrophic, paleyellow-pigmented bacterium, designated strain A6D-50 T , was isolated from an ascidian collected at Kohama Island offshore Okinawa, Japan. Preliminary analysis based on the 16S rRNA gene sequence revealed that the novel isolate was affiliated with the family Flavobacteriaceae of the phylum Bacteroidetes and that it showed highest sequence similarity (97.6 %) to Aureisphaera galaxeae 04OKA003-7 T . The DNA-DNA relatedness value between strain A6D-50 T and
The family Flavobacteriaceae within the phylum Bacteroidetes (Garrity & Holt, 2001; Ludwig & Klenk, 2001 ) was first established by Jooste (1985) . This family was subsequently validated and the description was amended by Reichenbach (1992) and Bernardet et al. (1996 Bernardet et al. ( , 2002 , respectively. In general, species of the family Flavobacteriaceae are Gram-stainnegative, rod-shaped, chemoheterotrophic, non-motile or motile by gliding and non-pigmented or pigmented (carotenoid or flexirubin pigments or both) (Bernardet et al., 2002 (Bernardet et al., , 2011 Bernardet & Nakagawa, 2003) . Members of the phylum Bacteroidetes including the family Flavobacteriaceae have been detected in a wide range of different habitats such as freshwater, sediment and the marine environment (Kirchman, 2002; O'Sullivan et al., 2006; Zeng et al., 2013) . The members of the family Flavobacteriaceae make an important contribution to the remineralization processes in the world's oceans by decomposing bio-organic molecules (Kirchman, 2002; Brettar et al., 2004) . The genus Aureisphaera, a member of the family Flavobacteriaceae, was first proposed by Yoon et al. (2015) . At the time of writing, the genus Aureisphaera consisted of only one marine species, Aureisphaera galaxeae 04OKA003-7 T (Yoon et al., 2015) , which was isolated from a hard coral. In this study, a marine Aureisphaera strain, A6D-50 T , was characterized by a polyphasic taxonomic method, and a novel species is proposed.
Strain A6D-50
T was isolated from an ascidian (sea squirt) collected at Kohama Island offshore Okinawa, Japan (GPS data; 24 21¢05.6 † N 123 59¢01.8 † E). A piece of ascidian (approximately 1 cm 3 ) was gently rinsed in sterile artificial seawater and then homogenized using a sterilized glass rod. The 50 µl of suspension was plated onto 1/10 strength marine agar 2216 (Difco) containing 10 µg kanamycin ml À1 (Wako). Several colonies that developed in 1 week at 25 C were picked and restreaked onto 1/10 strength marine agar 2216 plates and the procedure was repeated twice. A colony with pale-yellow colour, named A6D-50 T , was representative of several similar colonies and it was used for further investigation. Strain A6D-50 T was subcultured once every 3-4 days on marine agar 2216 at 30 C and maintained in †Present address: Basic Research Laboratories, Nippon Steel & Sumikin Chemical Co., Ltd., 1-Tsukiji, Kisarazu, Chiba 292-0835, Japan
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain A6D-50 T is LC101490.
One supplementary figure is available with the online Supplementary Material.
marine broth 2216 (Difco) supplemented with 20 % (v/v) glycerol at À70 C.
Genomic DNA was extracted by using the Wizard Genomic DNA Purification Kit (Promega) following the manufacturer's instructions. An approximately 1500 bp long fragment of the 16S rRNA gene was amplified from the extracted DNA by using bacterial universal primers specific to the 16S rRNA gene: 27F and 1492R (Escherichia coli numbering system; Weisburg et al., 1991) . The almost-complete 16S rRNA gene sequence was determined for strain A6D-50 T (GenBank/EMBL/DDBJ accession number LC101490). To ascertain the phylogenetic position of the novel isolate, the 16S rRNA gene sequence of strain A6D-50
T was compared with sequences obtained from GenBank (National Center for Biotechnology Information, http://www.ncbi. nlm.nih.gov). The EzTaxon-e database (Kim et al., 2012) was used to identify the closely related taxa. Multiple alignments of the sequences were performed using CLUSTAL X (version 1.83) (Thompson et al., 1997) . Alignment gaps and ambiguous bases were not taken into consideration when 1336 bases of the 16S rRNA gene were compared. Evolutionary distances (distance options according to Kimura's two-parameter model; Kimura, 1983) were calculated and clustering was performed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1985) methods using MEGA5 software (Tamura et al., 2011) . Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 resamplings (Felsenstein, 1985) . An evolutionary tree based on the neighbour-joining method generated a comparison of the 16S rRNA gene sequences and showed that strain A6D-50 T was phylogenetically affiliated with species of Aureisphaera, a genus belonging to the family Flavobacteriaceae (Fig. 1) . Analysis of the 16S rRNA gene sequence also indicated that strain A6D-50 T showed highest similarity (97.6 %) to A. galaxeae 04OKA003-7 T , which is the only validly published species in the genus (Fig. 1) . The next most closely related validly published type strain was Vitellibacter soesokkakensis RSSK-12 T (92.8 % sequence similarity). Sequence similarity was less than 92.8 % with all other members of the family Flavobacteriaceae with validly published names (Fig. 1 ).
Cell morphology was observed by using transmission electron microscopy and motility was measured by phase contrast microscopy (Primo Star; Zeiss). Gliding motility was determined as described by Perry (1973) . For transmission electron microscopy, cells were mounted on Formvarcoated copper grids and negatively stained with 1 % (w/v) aqueous uranyl acetate with sucrose at a final concentration of 0.4 % (w/v). Grids were observed using a Hitachi H-7100 microscope operated at 100 kV at a magnification of 8000.
The temperature range (4, 10, 15, 20, 25, 30, 37 and 45 C) and pH range (5.5-9.5) for colony growth were determined by incubating the isolate for 2 weeks on marine agar 2216. The following buffers were used for pH tests: MES (pH 5.5 and 6.0), ACES (pH 6.5 and 7.0), TAPSO (pH 7.5 and 8.0), TAPS (pH 8.5) and CHES (pH 9.0 and 9.5). The NaCl concentration range for growth was determined on TY agar medium [0.2 % tryptone, 0.1 % yeast extract and 1.5 % agar (w/v) with 0-10 % (w/v) NaCl (at increments of 0.5 %)] and the cells were grown at 30
C. Anaerobic growth was tested for up to 2 weeks on marine agar 2216 in a jar containing AnaeroPack-Anaero (Mitsubishi Gas Chemical), which acts as an O 2 absorber and CO 2 generator. Catalase activity was detected by observation of the formation of bubbles in 3 % (v/v) H 2 O 2 solution (Hertel et al., 1998) . The oxidase activity test was performed using commercial dropper oxidase reagent (Becton Dickinson). Degradation of DNA was tested by using DNase agar (Scharlau Chemie) (Collins & Lyne, 1984) , with DNase activity detected by flooding plates with 1 M HCl. The ability to hydrolyse casein, Tween 20, Tween 80 and tyrosine was determined according to the method of Hansen & Sørheim (1991) . API 20E, API 50CH and API ZYM strips (bioM erieux) were used to determine the physiological and biochemical properties. The strips were incubated at 30 C for 72 h, and the results were recorded according to the manufacturer's instructions. All suspension media for the API test strips were supplemented with 0.85 % (w/v) NaCl solution (final concentration). The test for hydrolysis of gelatin and urea was performed by using the API 20E strip. The hydrolysis of agar and starch was examined by using marine agar 2216 and API 50CH, respectively. Nitrate reduction was determined by using API 20E. Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution (Bernardet et al., 2002) . Carotenoid pigments were tested by the method described by Yoon et al. (2007) .
Phenotypic characteristics of strain A6D-50 T are given in Table 1 and in the species description. Strain A6D-50 T could be distinguished from the closest related species A. galaxeae 04OKA003-7 T by the following major features: pigmentation, cell morphology (Fig. 2) , temperature and NaCl ranges for growth, catalase activity and acid production (Table 1) .
GC analysis of the cellular fatty acid methyl esters was performed by using an Agilent 6890 gas chromatograph. Strain A6D-50 T was cultured on marine agar 2216 at 30 C for 3 days and fatty acid methyl esters were extracted and prepared according to standard protocols provided by the MIDI/Hewlett Packard Microbial Identification system Sherlock Version 3.10/TSBA 50 (Sasser, 1990) . The results are given in Table 2 and in the species description. Moreover, strain A6D-50 T could be distinguished from A. galaxeae 04OKA003-7
T by a different proportion of iso-C 14 : 0 , iso-C 15 : 1 G and summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c), indicating that strain A6D-50 T probably represents a distinct species of the genus Aureisphaera within the phylum Bacteroidetes (Table 2) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) . They were identified by two-dimensional TLC followed by spraying with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Phospholipids were detected with the Zinzadze reagent of Dittmer & Lester (1964) . Whole lipid profiles were detected by spraying with molybdatophosphoric acid (5 g molybdatophosphoric acid hydrate in 100 ml ethanol) followed by heating at 150 C (Worliczek et al., 2007) . The polar lipids of strain A6D-50 T were phosphatidylethanolamine, two unidentified aminolipids and an unidentified lipid (Fig. S1 , available in the online Supplementary Material).
Quinones were extracted from freeze-dried cells with chloroform/methanol (2 : 1, v/v) and n-hexane. Samples were eluted with methanol/2-propanol (2 : 1, v/v) at a flow rate of 1 ml min
À1
. Determination of the respiratory quinone system was carried out as described previously (Collins & Jones, 1981) . The major menaquinone of the novel strain was MK-6, which is identical to members of the family Flavobacteriaceae (Table 1) .
Genomic DNA was extracted by using the Wizard Genomic DNA Purification Kit (Promega) following the manufacturer's instructions. DNA-DNA hybridization was performed by the membrane filter method (Suzuki et al., 1981) . Each mixture of labelled and unlabelled DNAs was incubated at 37 C for 12 h. Reciprocal hybridization tests were performed in triplicate. The DNA-DNA hybridization value between strain A6D-50 T and A. galaxeae 04OKA003-7 T was 23.6 %. This value is below the threshold accepted for the phylogenetic definition of a novel prokaryotic species (Stackebrandt & Goebel, 1994) . These results suggest strongly that strain A6D-50 T could be classified as representing a separate species.
Genomic DNA was prepared according to the method of Marmur (1961) from cells grown on marine agar 2216 and the DNA base composition was determined by using the HPLC method of Mesbah et al. (1989) . Reciprocal genomic DNA G+C content was calculated in triplicate. The G+C of the genomic DNA of strain A6D-50 T was 40.8 mol%.
From the distinct phylogenetic position and combinations of genotypic and phenotypic characteristics, strain A6D-50 T represents an independent species of the genus Aureisphaera, for which the name Aureisphaera salina sp. nov. is proposed.
Description of Aureisphaera salina sp. nov. Aureitalea marina S1-66 T (AB602429)
Altuibacter lentus JLT2010 T (JQ362482)
Jejudonia soesokkakensis SSK1-1 T (KC792554)
Marixanthomonas ophiurae KMM 3046 T (AB261012)
Gilvibacter sediminis Mok-1-36 T (AB255368) Cells are strictly aerobic rods, 0.4-0.5 µm in width and 1.3-1.4 µm in length. Cells lack flagella and are non-motile. Gliding motility is not observed. Colonies grown on marine agar 2216 are circular and pale-yellow-pigmented after 3 days of incubation at 30 C. Catalase-positive but oxidase-negative.
Neither flexirubin-type nor carotenoid pigments are present. The temperature range for growth is 20-37 C; the optimal temperature is 30 C but no growth occurs at 4 or 45 C. The pH range for growth is 7-9 (optimum, pH 7), while no growth was observed below pH 6 or above pH 10. NaCl is required for growth and can be tolerated at a concentration of up to 4.5 % (w/v) (optimum, 3 %) but no growth occurs above 5 % (w/v) NaCl. Nitrate is not reduced. Gelatin and urea are hydrolysed but agar, casein, DNA, starch, tyrosine, Tween 20 and Tween 80 are not. The reactions for ONPG, citrate utilization and Voges-Proskauer tests are positive but hydrogen sulfide production, indole production, arginine dihydrolase, lysine decarboxylase and ornithine decarboxylase activities are negative (API 20E). Acid is produced from salicin, cellobiose, maltose, melezitose and raffinose but not from methyl b-D-xylopyranoside, glucose, amygdalin, arbutin, aesculin ferric citrate, lactose, D-arabinose, . All data are from this study unless indicated otherwise. +, Positive; -, negative. Both taxa were positive for the following characteristics: hydrolysis of gelatin and urea; utilization of cellobiose and maltose; and activity of alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Both taxa were negative for the following characteristics: Gram-staining; oxidase activity; production of flexirubin-type pigments; nitrate reduction; hydrolysis of agar, casein, DNA, starch, tyrosine, Tween 20 and Tween 80; utilization of D-arabinose, galactose, fructose, mannose, melibiose, turanose, L-arabitol, 5-keto-gluconate, sucrose, trehalose, starch, glycogen, gentiobiose, L-fucose, ribose, sorbose, rhamnose, sorbitol, methyl a-D-mannopyranoside, L-arabinose, D-xylose, L-xylose, methyl a-D-glucopyranoside, N-acetylglucosamine, D-lyxose, D-tagatose, D-fucose, inulin, glycerol, erythritol, adonitol, dulcitol, inositol, mannitol, xylitol, D-arabitol, gluconate and 2-keto-gluconate; and activity of trypsin, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, esterase (C4), esterase lipase (C8), a-galactosidase, lipase (C4), cystine arylamidase, a-chymotrypsin, b-glucuronidase, a-mannosidase and a-fucosidase. Methyl
40.8 41±1.4* *Data from Yoon et al. (2015) . The type strain is A6D-50 T (=KCTC 42975   T   =NBRC  111827 T ), which was isolated from an ascidian collected at Kohama Island offshore Okinawa, Japan. 
